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Abstract 
Given previous reports of strong interactions between vision and somatic senses, we 
investigated whether vision of the body modulates pain perception.  Participants 
looked into a mirror aligned with their body midline either at the reflection of their 
own left hand (creating the illusion that they were looking directly at their own right 
hand), or at the reflection of a neutral object.  We induced pain using an infrared laser 
and recorded nociceptive laser-evoked potentials (LEPs).  We also collected 
subjective ratings of pain intensity and unpleasantness.  Vision of the body produced 
clear analgesic effects both on subjective ratings of pain and on the N2/P2 complex of 
LEPs.  Similar results were found during direct vision of the hand, without the mirror.  
Further, these effects were specific to vision of one’s own hand, and were absent 
when viewing another person’s hand.  These results demonstrate a novel analgesic 
effect of non-informative vision of the body. 
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Introduction 
 Several sensory systems carry information about the body to the brain; the 
body is a multisensory object, par excellence.  Most previous multisensory research 
has focused on fusion of events across modalities (Ernst and Banks, 2002) or on how 
events in one modality bias other modalities (Jousmäki and Hari, 1998).  A less-
studied type of interaction involves a continuous context in one modality shaping 
perception of events in another modality.  One such context is simply viewing one’s 
own body, which increases tactile spatial acuity (Kennett et al., 2001), accelerates 
tactile reactions (Tipper et al., 1998), and modulates somatosensory evoked-potentials 
(SEPs) (Taylor-Clarke et al., 2002).  These effects require the visual content of one’s 
own body, but not any visual event.  The generality of such effects, however, is 
unknown, having been investigated exclusively for touch.  Here, we investigated the 
effects of seeing the body on the perception and neural processing of pain. 
How might seeing the body affect pain?  Contextual modulation has long been 
understood as an organizing principle of neural pain pathways (cf. Melzack and Wall, 
1965).  However, modulation from seeing one’s body could involve either 
enhancement or inhibition.  If enhancing effects observed previously for touch apply 
across somatic modalities, increases in perceived pain and laser-evoked potentials 
(LEPs) might be expected.  However, many intermodal interactions involving pain are 
inhibitory.  Touch reduces both pain levels (Wall and Sweet, 1967; Higgins et al., 
1971) and cortical pain processing (Lundeberg, 1985; Inui et al., 2006).  Chronic pain 
is associated with reduced tactile sensitivity on the affected region (Moriwaki and 
Yuge, 1999), and reduced size of the corresponding SI tactile representation 
(Maihöfner et al., 2003; Pleger et al., 2006).  Conversely, tactile discrimination 
training reduces chronic central pain (Flor et al., 2001; Moseley et al., 2008b), an 
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effect enhanced by seeing the body (Moseley and Wiech, 2009).  In each case, touch 
and pain appear antagonistic, suggesting that vision of the body might have different 
effects on touch and pain.  Furthermore, seeing someone else’s hand in pain reduces 
early cortical pain processing (Valeriani et al., 2008).  However, the effects of seeing 
one’s own body on nociception are unknown. 
We investigated how vision of one’s hand affects perception of infrared laser-
induced pain and associated cortical processing.  Laser stimulation selectively 
activates thin nociceptive Aδ and C-fibers without activating mechanoreceptive 
afferents (Treede et al., 2003), creating a pure pain sensation, without touch.  We used 
the mirror box technique (Ramachandran et al., 1995) to create the illusion that the 
participant’s left hand reflected in a mirror aligned with their sagittal plane was 
actually a direct view of their stimulated right hand.  In a control condition 
participants saw the mirror image of a non-hand object.  The mirror box provides an 
elegant experimental means of manipulating vision of the body while keeping vision 
non-informative about stimulation, and has been used for this reason before (Harris et 
al., 2007; Longo et al., 2008a; Moseley & Wiech, 2009).  We measured subjective 
ratings of pain intensity and unpleasantness, using a visual-analogue scale (VAS) and 
cortical processing using LEPs.  
 
Materials and Methods 
 Three experiments were conducted.  Experiment 1 used the mirror box to 
investigate the effects of non-informative vision of the body on pain perception.  
Participants in Experiment 1 experienced pain on their hand, but did not see any 
visual stimulus appearing to cause it, potentially generating perceptual conflict.  
Experiment 2 addressed whether this conflict was responsible for reduced pain.  Now   
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participants looked directly at either their hand or the object.  The laser stimulator 
wand, and the red visual laser spot on the hand during actual stimulation, was now 
visible in the view hand condition, eliminating any intersensory conflict.  Experiment 
3 investigated whether visually-induced analgesia was specific to viewing one’s own 
hand, or would be similarly elicited by viewing another person’s hand.   
Participants.  Thirty healthy volunteers (18 female) between 18 and 34 years 
old (M = 24.6 years; SD = 3.7 years) participated (n = 14 for Experiment 1; n = 16 for 
Experiment 2, 12 of whom also participated in Experiment 3) for payment.  
Participants were predominantly right-handed (Edinburgh Inventory, M = 74.3, SD = 
33.1).  Procedures were approved by the local ethics committee. 
Procedure.  In Experiment 1, participants looked into a mirror aligned with 
their parasagittal plane.  Their right hand was behind the mirror (index finger 20 cm 
from mirror).  A baffle extending above the mirror and a black smock worn by the 
participant prevented vision of the stimulated right hand and arm.  In the ‘view hand’ 
condition, the participant’s left hand was placed in front of the mirror (index finger 20 
cm from mirror).  Thus, participants saw what appeared to be their right hand (but 
was in fact the reflected left hand), at the location where their right hand felt to be (see 
Figure 1).  In the ‘view object’ condition, a small brown book (12.50 x 18.50 x 2.40 
cm) was placed in approximately the same position, and the non-stimulated left hand 
rested on the left leg below the table.  In both conditions, participants were instructed 
to gaze into the mirror and fixate the hand/object.  The laser stimulation was applied 
to the right hand behind the mirror. 
 There were four experimental blocks, two of each condition, with ABBA 
counterbalancing.  The first condition was counterbalanced across participants.  Each 
block began with a 60 second induction period of passive looking at the hand or 
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object.  Then 30 laser pulses were applied to the dorsum of the right hand.  To avoid 
nociceptor sensitization, the laser was moved randomly between pulses.  At least 
seven seconds elapsed between pulses.  Participants rated pain intensity and 
unpleasantness after each pulse, using a 101-point visual analogue scale (VAS) where 
0 corresponded to no pain, and 100 to the worst pain imaginable. 
 A questionnaire was administered after each block.  The items (translated from 
Italian) were: (1) “It felt like I was looking directly at my hand, rather than at a mirror 
image.”; (2) “It felt like the hand I was looking at was my hand.”; (3) Did it seem like 
the hand you saw was a right hand or a left hand?”. Item 1 was given after both 
conditions, items 2 and 3 only in the hand condition.  For items 1 and 2, participants 
rated their agreement using a 7-point Likert scale, +3 indicating “strongly agree”, -3 
“strongly disagree”, and 0 “neither agree nor disagree,” though any intermediate value 
could be used.  Values above 0 indicate agreement, while values below 0 indicate 
disagreement.  Agreement or disagreement was tested by comparing the mean score 
to 0 using t-tests.  Item 3 required dichotomous responses, after which participants 
indicated the strength of the feeling that the hand was a right/left hand using the VAS.  
Right hand responses were coded positively, left hand responses negatively, yielding 
scores between -100 (strong left hand) to +100 (strong right hand).   
Experiment 2 was similar to Experiment 1 except that the mirror was removed 
and participants looked either directly at their stimulated right hand or at the object.  
In the object condition, the object was placed next to the hand and a cardboard baffle 
was placed between the hand and the object, occluding direct view of the hand. As the 
laser stimulator projected a red laser dot onto the hand, a laser pointer was held above 
the object, projecting a similar red laser light. In the hand condition, the object was 
removed, and the baffle was moved behind the hand.  The questionnaire regarding 
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visual experience was omitted.  To reduce habituation effects, Experiments 2 and 3 
were preceded by 10 laser pulses. 
Experiment 3 was similar to Experiment 1 with the addition of a condition in 
which participants saw the mirror reflection of an experimenter’s hand. Thus, 
participants viewed the mirror reflection of (a) their own hand, (b) the object, or (c) 
somebody else’s hand (an experimenter’s).  The experimenter was seated next to the 
participant with their left hand positioned in the location that the subject’s hand had 
occupied in experiment 1.  Thus, participants gazing into the mirror had the visual 
experience of another person’s right hand appearing in first-person perspective at the 
location where their own right hand felt to be.  The participant’s left hand remained in 
their lap.  No attempt was made to disguise the presence of the experimenter, or to 
make their hand physically resemble the participant’s hand.  There was a single block 
of each condition, the order of which was counterbalanced across participants.   
 Pain stimuli were delivered with an infrared neodymium yttrium aluminium 
perovskite (Nd:Yap) laser (EL. EN. Group, Florence, Italy.  Pulse duration and 
intensity were adjusted for each participant to the minimum values eliciting clear 
sensations of pain (laser pulses: intensity 1.5-3.25 J; duration 2-4 ms; diameter 4-5 
mm, wavelength of 1.34 μm). 
EEG recording.  A SynAmp amplifiers system and Scan 4.3 software 
(Neuroscan, El Paso, TX) were used to record electroencephalographic (EEG) data. 
Recordings were obtained from 54 scalp electrodes in Experiment 1 and 60 in 
Experiments 2 and 3.  Horizontal electrooculogram was recorded bipolarly from 
electrodes placed on the outer canthi of each eye, and vertical electrooculogram was 
recorded from an electrode below the right eye.  Reference was at the nose and 
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ground at AFz.  Electrode impedances were kept below 5 KΩ.  EEG signals were 
amplified and digitized at 1000 Hz. 
Data analysis.  EEG data were analyzed with EEGLAB (Delorme and Makeig 
2004) in Matlab 7.3 (Mathworks, Natick, MA).  Data were digitally filtered with a 
bandpass of 0.3 – 30 Hz and segmented into epochs timelocked to laser pulses (-500 
to 1000 ms).  Baseline was calculated from the 200 ms preceding the pulse.  Visual 
inspection of epoched data was used to remove trials with obvious contamination by 
ocular movements.  Further correction of ocular artifacts was performed using blind 
source separation with independent components analysis (Jung et al., 2000) on 
epoched data.  To reduce effects of pain habituation (Ernst et al., 1986; Milne et al 
1991; Valeriani et al 2003) the first 10 trials of the experiment were eliminated and 
counterbalance order was included as a between-subjects factor in ANOVAs to 
exclude variance attributable to habituation (see Supplemental Materials). 
 Two LEP components were investigated.  First, the early, lateralized N1 
potential, maximal over contralateral temporal electrodes, and originating from 
operculoinsular cortex (Garcia-Larrea et al., 2003), possibly including SII (Frot et al 
1999; Spiegel et al 1996).  Second, the bipolar vertex N2/P2 complex.  Intracranial 
recordings have linked the N2/P2 to parallel activations in at least three brain areas: 
SI, parasylvian, and cingulate cortices (Ohara et al., 2004).  N1 peaks were computed 
as the minimum value at T7 re-referenced to Fz between 130 and 210 ms.  N2 and P2 
peaks were computed, respectively, as the minimum value at Cz between 170 and 240 
ms and the maximum value at Cz between 300 and 450 ms.  N2/P2 amplitude was 
computed as the difference between P2 and N2 peaks. 
 
Results 
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Experiment 1 
Illusion questionnaire.  Participants agreed that “it felt like I was looking 
directly at my hand, rather than at a mirror image” after seeing their hand (i.e., the 
mean score was significantly greater than 0), t(13) = 3.26, p < .01, but disagreed after 
seeing the object, t(13) = -37.39, p < .0001 (see Figure 3).  In the hand condition, 
participants agreed that “It felt like the hand I was looking at was mine”, t(13) = 
11.59, p < .0001, and felt like they were looking at a right (rather than a left) hand, 
t(13) = 3.21, p < .01.  Thus, the mirror box effectively created the illusion of looking 
directly at the right hand in the hand – but not the object – condition. 
Subjective ratings of pain.  Seeing the hand reduced pain intensity, F(1, 12) = 
8.07, p < .02 (see Figure 4a), and unpleasantness, F(1, 12) = 5.58, p < .05.  These 
reductions  were strongly correlated across individuals, r(13) = .92, p < .0001. 
Laser-evoked potentials.  Seeing the hand also reduced N2/P2 amplitude , F(1, 
12) = 28.83, p < .001 (see Figure 5a).  No significant modulation of the N1 
component was observed (hand: M = -7.4 μV, SD = 4.3; object: M = -6.7 μV, SD = 
2.5), F(1, 12) = .88. 
There were significant correlations between the analgesic effects of seeing the 
hand on N2/P2 amplitude and subjective reports of both pain intensity, r(13) = .72, p 
< .005, and unpleasantness, r(13) = .61, p < .02. 
 
Experiment 2 
  Subjective ratings of pain
1
.  Seeing the hand significantly reduced pain 
intensity, F(1, 14) = 9.60, p < .01, and unpleasantness, F(1, 14) = 7.56, p < .02 (see 
Figure 4b).  The two measures were again strongly correlated across participants, 
r(15) = .73, p < .001. 
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 Laser-evoked potentials.  Seeing the hand again significantly reduced N2/P2 
amplitude, F(1, 14) = 5.82, p < .05 (see Figure 5b).  No significant modulation of the 
N1 was observed (hand: M = -9.6 μV, SD = 4.8; object: M =  -9.3 μV, SD = 4.6), F(1, 
14) = .21. 
 Correlations between the analgesic effects on subjective ratings of pain and 
N2/P2 amplitude were in the same direction as in Experiment 1, but did not reach 
statistical significance for either pain intensity, r(15) = .32, p = .21, or unpleasantness, 
r(15) = .46, p = .06. 
 
Experiment 3 
One participant showed highly unstable subjective pain ratings, with a 
progressive escalation of reported pain intensity from 17 in block 1 to 72 in block 3 
and was excluded from analyses. 
Illusion questionnaire.  Participants on average agreed that “it felt like I was 
looking directly at my hand, rather than at a mirror image” after seeing their hand, 
t(10) = 5.19, p < .0005, but not the object, t(10) = -23.12, p < .0001, or the 
experimenter’s hand, t(10) = .94, ns (see Figure 3).  In the own hand condition, 
participants agreed that “It felt like the hand I was looking at was mine”, t(10) = 9.93, 
p < .0001, but not when seeing someone else’s hand, t(10) = .90, ns.  Participants 
reported that it felt like they were looking at a right (rather than a left) hand both 
when seeing their own hand, t(10) = 3.63, p < .005, and someone else’s hand, t(10) = 
2.17, p =  .055.  Participants disagreed that “it felt like I was looking at somebody 
else’s hand” when looking at their own hand, t(10) = -6.50, p < .0001, but not when 
seeing the other person’s hand, t(10) = -.82, ns.  Therefore, the mirror box produced 
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the illusion of looking at one’s own right hand in the ‘view hand’ condition, but not 
when viewing the experimenter’s hand. 
 Subjective ratings of pain.  There was a significant main effect of condition 
both on pain intensity, F(2, 20) = 5.00, p < .05, and unpleasantness, F(2, 20) = 4.79, p  
< .05 (see Figure 4c).  Seeing one’s own hand was analgesic relative to seeing the 
object, both for pain intensity, t(10) = -3.07, p < .02, and unpleasantness, t(10) = -
2.70, p < .05.  Similar reductions were also observed when seeing one’s own hand 
relative to seeing someone else’s hand: intensity, t(10) = -2.53, p < .05; 
unpleasantness, t(10) = -2.55, p < .05.  The object and other hand conditions did not 
differ significantly, either for intensity, t(10) = .83, or unpleasantness, t(10) = 1.34.  
These results suggest that the analgesic effects of seeing a hand are specific to 
viewing one’s own hand. 
 Laser-evoked potentials.  There was a significant effect of condition on N2/P2 
amplitude, F(2, 20) = 4.74, p < .05 (see Figure 5c).  Amplitude was reduced when 
seeing one’s own hand compared to the object, t(10) = -2.63, p < .05, and someone 
else’s hand, t(10) = -2.62, p < .05.  There was no difference between the object and 
other hand conditions, t(10) = .05.  There was no effect of condition on N1 amplitude 
(own hand: M = -7.31 μV, SD = 4.4; other hand: M = -8.0 μV, SD = 3.5; object: M = -
6.95 μV, SD = 3.8), F(2, 10) = .48. 
Discussion 
 These results demonstrate a novel form of visually-induced analgesia.  
Looking at one’s hand produced significant reductions of subjective intensity and 
unpleasantness of laser pain, and in the amplitude of the N2/P2 complex of LEPs.  
These effects were observed both when the illusion of looking directly at the hand 
was induced with a mirror box (Experiments 1 and 3) as well as when participants 
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viewed their hand directly during stimulation  (Experiment 2).  The reduction was 
specific to seeing one’s own hand (Experiment 3).  Previous studies have suggested 
that vision of the body may reduce chronic phantom limb pain (Ramachandran and 
Rogers-Ramachandran, 1996; Chan et al., 2007), and also that seeing someone else’s 
body in pain induces a specific reduction of early LEPs (Valeriani et al., 2008).  The 
present data show an analgesic effect of seeing the body, not tied to the specific case 
of phantom limbs, and operating on acute stimulus-generated pain.  Thus, we show 
that viewing the body not only induces plasticity in the cortical representations within 
which pain signals are processed, but also modulates perceptual processing of 
individual pain events. 
 Valeriani and colleagues (2008) recently found that empathy for others’ pain 
attenuates the early, lateralized N1/P1 complex of LEPs, without affecting subjective 
pain ratings.  In contrast, the present results demonstrate that seeing one’s own hand 
attenuates the later, vertex N2/P2 complex with corresponding subjective attenuation.  
This divergence between early and late LEPs suggests that our visual effect and their 
empathic effect may have qualitatively different neuronal bases.  The absence of 
modulation of the N1 in the present study raises the possibility that the effects of 
seeing one’s hand operate via modulation of evaluative and affective, rather than 
purely sensory, components of the pain matrix.  However, sensory and affective 
components of pain tend to be strongly correlated, so the relation between Valeriani et 
al’s result and ours remains unclear. 
 Our findings suggest a reliable attenuation of pain systems for viewing the 
body.  These findings suggest several possible theoretical interpretations.  We first 
considered the theory that conflict between visual and proprioceptive representations 
could induce visual analgesia.  However, Experiment 2 showed similar results when 
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conflict-inducing mirrors were not used, contrary to this theory.  An alternative theory 
links the analgesic effect to a sense of body-ownership.  The experience of viewing 
one’s own body contains multiple dissociable elements (Longo et al., 2008b), 
including the senses of ownership (i.e., that it is my body) and agency (i.e., that I am 
in control of my body).  It is currently unclear which aspect of seeing the hand is 
responsible for the present effects.  One previous study found that the enhancing 
effect of seeing one’s body on touch was linked primarily to sense of ownership 
(Longo et al., 2008a).  In contrast, other effects, such as acceleration of visual reaction 
times (Longo and Haggard, 2009), and proprioceptive integration (Tsakiris et al., 
2006) appeared to be related to agency.  It is well established that perceived control 
reduces both the subjective experience of (Weisenberg et al., 1985) and neural 
responses to (Salomons et al., 2004) pain, via modulation of anterolateral prefrontal 
regions involved in pain appraisal (Wiech et al., 2006).  It is therefore possible that 
our effects are mediated by an increased sense of bodily control when viewing the 
hand.  This could be investigated in future studies in which participants actively move 
the viewed hand.  Alternatively, however, viewing the hand in pain without being able 
to withdraw it could also very well produce a perceived reduction of control. 
Crossmodal inhibition.  Seeing the body has wide-ranging influences on 
somatosensation.  Interestingly, however, the nature of this influence is quite different 
between touch and pain.  Whereas non-informative vision of the hand increases the 
acuity of touch (Kennett et al., 2001) and the amplitude of SEPs (Taylor-Clarke et al., 
2002), the present results demonstrate conversely that seeing the hand decreases the 
subjective experience of pain and the amplitude of LEPs.  These opposite effects of 
seeing the body on touch and pain are consistent with the well-established inhibitory 
interactions between the two modalities themselves.  Given the modality segregation 
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of somatosensory cortex generally (Mountcastle 1957; Friedman et al 2004), and of 
touch and pain specifically (Ploner et al., 2000; Ohara et al., 2004; Chen et al., 2009), 
tactile and nociceptive representations may stand in competitive relations.  
Competition between modalities might mimic the well-established competitive 
relations between adjacent skin regions within a single modality map due to lateral 
inhibition within the cortex (e.g., Merzenich et al., 1984). 
 Could a common mechanism produce such divergent effects on touch and 
pain?  One possibility would be a visually-induced crossmodal activation of 
GABAergic interneurons.  Injection of GABA antagonists increases the size of SI 
tactile RFs (Dykes et al., 1984; Alloway et al., 1989), suggesting that GABAergic 
interneurons function to sharpen tactile RFs, increasing tactile acuity.  Conversely, 
GABA agonists are effective treatments for chronic central pain (Canavero and 
Bonicalzi, 1998), suggesting that reduced GABAergic inhibition may be a major 
cause of chronic pain.  Consistent with this interpretation, patients with complex 
regional pain syndrome (CRPS) show reduced intra-cortical inhibition measured with 
paired-pulse TMS (Schwenkreis et al., 2003), while repetitive TMS of motor cortex – 
known to increase intra-cortical inhibition – alleviates chronic pain (Lefaucheur et al., 
2006). 
 Both the present results showing analgesic effects of seeing the body and 
previous findings showing tactile enhancement (Kennett et al., 2001) could therefore 
be explained by visual modulation of somatosensory GABAergic interneurons.  This 
speculation is supported by multisensory influences on cortical inhibition in other 
physiological systems.  For example, viewing a hand extends the TMS-evoked silent 
period compared to viewing a fixation cross (Schütz-Bosbach et al., 2009).  
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Furthermore, Dehner and colleagues (2004) described a GABA-dependent auditory-
somatosensory inhibitory effect in cats.  
Therapeutic implications.  The present results also have possible therapeutic 
implications.  Several authors have reported that a mirror box similar to that used in 
our experiment can reduce phantom limb pain (Ramachandran and Rogers-
Ramachandran, 1996; Chan et al., 2007) and chronic central pain (McCabe et al., 
2003), though replication attempts have been mixed (e.g., Brodie et al 2007; see 
Moseley et al., 2008a).  The present results extend these findings in three ways, 
suggesting that vision of the body (whether with a mirror box or not) may have a 
broader range of analgesic effects than previously suspected. 
First, the present results show an analgesic effect of vision of the body for 
acute, rather than chronic, pain.  Second, several authors have suggested that mirror 
therapy may operate by promoting plastic reorganization within somatosensory map, 
or by correcting a distorted body image through visual recalibration of proprioception 
(Ramachandran and Rogers-Ramachandran, 1996; Harris, 1999; Ramachandran and 
Altschuler, 2009).  Yet our results demonstrate analgesic effects of seeing the body in 
healthy participants without body image distortion.  Third, previous studies have 
generally involved voluntary movement of the unaffected limb, inducing the illusion 
of control over the affected hand.  Therapeutic effects are typically attributed to the 
mirror-induced match between visually-perceived movement and efferent commands 
specifying movement (e.g., Ramachandran and Rogers-Ramachandran, 1996; 
McCabe et al 2003).  The present results, however, suggest that qualitatively similar 
analgesic effects may result from simply seeing the hand, independent of movement 
or match between efferent and afferent signals. 
Pain and the Body 
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Footnotes 
 
1) The first four participants in Experiment 2 made VAS ratings after each 10 trials, 
rather than every trial.
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Figure Captions 
Figure 1: The mirror-box technique in which the subject has the experience of 
viewing their right hand, while in fact seeing their left hand reflected in a mirror.  
 
Figure 2: Schematic depiction of experimental setups.  Apparent line of sight depicted 
with dashed line, actual line of sight with solid line. 
 
Figure 3: Subjective report data from Experiment 1 (left) and Experiment 3 (right).  
Error bars are one SEM. 
 
Figure 4: Subjective ratings of pain intensity and unpleasantness in the three 
experiments.  Error bars are one SEM. 
 
Figure 5: Grand mean LEPs recorded from electrode Cz in the three experiments (left 
panels) and N2/P2 peak-to-peak amplitudes at Cz (right panels).  Error bars are one 
SEM.  
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